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Catlan Exchange Concentration

Intteduckian

The primary separetlon of plutonium fxom irradiated ursnium by the
Purex pulvent extraction process at the Savannah River Flapt pro-
ducas & dilute plutonium sclution comtadning residuel fission prod-
ucts snd uranium, A ecatlon exchange prozeda im uged for concentrm-
tisn and further duumtﬂtian of the Flutonium, ea the first
gtep in the finsl preparatlon of metal. Requirements for this

primery isclation slep exa:
# Additional deconteminetion.
® Low wasta loseea.

® A suiteble product {concenmtretien snd chemicsl composition} for

gubeequent precipitatlon.
# Ability to process dilute feed (a8 weak &g wambte).

Ccation exchenge originally was installed @8 a potentisl improvement
on svapsretive concentration, which poges mafaty and corroelon proh-
lemg, Iob exshange hep operated well: no evaporators ever have beesn

ingtalled for the fimal plutonium concentraticn.

The exchange unite ars smell fixed-bed columnse of Dowex 50§ resln,
with thelr dimensions Tixed by requiraments of nuclemr sefety. The
proceas wea develcped at Omk Ridge WHationel Leboratory and is atdll

esgentislly as outlined by Tober.’
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Process Dascription and Chamlstry

The columas sre aoperated on & bateh basia with eounterflow absorp-
tion and eluticn (pes figure 1). The solvent extrsction product
moluticn flows down through the column, until & deglred Load of
plutcnium hes been absorbed. Then, & wash of dilute sulfurie acid
down the celumn removes scme of the residual uranium end fisslons-

product slrconlum and nicblum thet ware ahmorbed with the plutonium,

Next, sn eluting eclution (5.7M nitric ecld - 0.3M pulfamic acid)
Flowa up through the column and the Tulk of the plutonium is removed,
leaving e heel, The elufing solutlon ig followed by an upflow re-
conditioning wash which restores the low podid aopnddtion so the aol-
umn s resdy for the next e¢yela of ebsorption, The aclution from
the top of the column is divided into fraotione apcordlug to plu-
teniut comtent; s rich porticn is teken for the preduct fractlon
while fore and talling fractions are recyeled. Addltionally there
are certain nonroutine column pperatlons, ineindlng &n axtendad
produst =lution for heel Temoval, & rafripgerated wesh for degaseing
or reductlon parpomsed, and m fiasian product eluticn if the column

accuulates excaszive radiption,
The beaie squilibrium laveolwved le:
Put® + 3H {(Resin) = Pu {Resin)s + 3H'

Plutonium ls sbeorbed from the dilute nitric acld faed aclution
profduced by the sclvent extraction process ahd ls eluted by the
strong &eid, In this Plant, the Pu{III) aystenm is favored pver ...

Pu{IV) for ebsorption for meversl ressone!



e

[ R R S Y S L b LT ]
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FIGLRE 3. CATIOMN EXCHANGE GCOLUMHW CYLLE
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® ¥ydroxylanine suifate bas already besn added to the solvent elrip
molution in the canyon to sid in the back extractlon of plutonium
ag PafIII), mc no further feed adjustment ls raquired for lon

exchangs,

® The sulfste in the dscontamination wesh would camplex Pu(IV) snd

cause high logses if the sbsorbed Pu were in that form,

® The cmpacity of the resin (hence the column hatoh lze) is larger

with Pu(III},
® The elution cherscteristics of Pu[ITI} sre betier,

The Pu{ITI} etate is stabillized by hydroxylamine in dllute nitric
acdd soluticos and by eulfamic scid in strong acid. 7o edditlon,
this oxidation stete ie vary Favorshle for subsequent precipitaticn
procecase apd appears to heve unigue advantagzes in the paroxlde

precipitation proceas, ae Glscusesd later,

One potantial problem with Pu(IIT) is the inatability with respect
to oxldetion in mtrong nitrlc acld; the resctlon can beccms putco-
entelytic with vigerous evolubion of niirogen oxide gasas, THowsver,
the rate of oxidatlen 1s dependent on concentretion end, by éxperi-
ence, there ip little chanse of rapld owldetion if pulfemic maid
stabilizar is present and if the peak concentratlon of plutonium

1n the strong-scld eluting solutien s lesse then 130 gft, Witk
proper control so thet concentretlony ebove this level ars avolded,
nany monthe of cperstion bave been meintained without apprecliable

oxldetlaon,
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Separation of lmpuritles from plutonium by the resin omn occur by

mavaral, machanlisma!

® Anlonic or maelcmized impurities, or weekly absorbed catlons, can

pams through the resln unehbscrbed.

® Materials that are sbavrbed, but less stremgly thai plutonium,

are Aisplaced dowowerd by plutonium during ebsorption.

® Matarials that are heid mors strongly then plutoniwm 1n the elu-

triant solution mey be laft on the resin during plutonium elution,

@ Materiala complexed prefersntislly by sulfete may be removed from

the repin pelectively with the decontemination wash,

All of thesa pffects are important in the separation from epecific

impurities, as dlpcuaassd later,

Gns on the resin interfsres with fluld flow and with the solution-
resin exchange; i1t may be fermed 1n the oxldatlon of plutoniuvm, or
by rediolyris of suluti_crn when & loaded colvmn remelns 1dle, or by
regctions of the reducing sgente (hydroxylesdne end sulfamic acid),
This gas cen be removed [and sny Pu(IV)} in the column reduced to
Pu{III)] with a refrigerated vash of dllute nitric acid and

hydroxylanine,

Equipment

The fob exchangs columng ars pecked beda, The resin retainer at
£ha bottom of the column 1s fixed; the top resin retainer ls movable

end epring-lcedsd to melntein & compressed bed ss the resln axpands
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and contracta in different sclutlons during the process cyele, Any
flutdization of the bed merkedly decreases the efficlency of the
cperatlon, Two dlemeters of columns have besn used, 7 inches snd

10 inches (ses figure 2], The length of the resin bed in the 7-ioch
unit heg been 13 lnckes or 15,5 inches in two modifications, To
maintain ouclear safety, the intsrnsl height of the 1L0=inch unit le
limited further and the length of the reaulting resln bved im 5
Inches; two such columng, peperated sdequately o reduce interactlon,
are operatad Iin éerlee as A single unit with an effaotive bed depth
of 10 lpohes., Both the T-inech snd 10-1nch dilametsrs ars asonstidare-
bly larger than the safe dlameter of m reflected, Infindtely lomg
cylinder, which freguently Is used for deslgn purpesca: the larger
dlemeters sre beaped on the "limited safety" concept, with the limda
tatlons on the height of the column, intersction, reflection, and

posslble comcentrations considered sdegquate for safe operetlon.

Ag the permiseitle dlamzter ip increased, the columm time oycle dm
dacreassd) provessing ratea ere baged on flow per unlt srea, so in-
ereaglng colum ares Ilnoremswe the total flow, For eherp aeparation
of varioue frectiona, the solumn dsalgn hee the minimum dead apace
or ndxing volune ot the ends of the bad that 1s conalatent with

good, digtribution of solution,

Fad magt be exeluded we much sg posslble from the resin beds for
efficient exchenge and the units are deslgned specifically from
this viewpolint. An ever-cpen vent provides a means of ascape for
gag Introduced in the feed so It will not enter the reein bed, The

vent slao insurea rellef of excaseive pressurizetion from any sourcs,

s —a——
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The column feed and effluent lines are arranged and vented in such
a mepmer that the columms alweys will be full of solutlom, and cah-

ot Arain accidentally.

The resin umed la Dowex SOW, G to 124 cross-linked, 50 to 100 mesh.
The perticle ailze provides & compremise batween rapid exchange and
high flow rate, The regin ls greded hytrsulically hefore use and
the preasure drep of the g:-a.ded. regin 18 in the range of 8 o 15
pel/Pt of length et standsrd flow {15 to EO nl/min/en®); the greding
i importent becmuse evel & few percent fineg inersasag the pregsure
drop gresatly. The fsed also la prafiltered to prevent scllde from
raising the pressurs drop by spcumileting in the resin teds, which

mot as excellent filters themmelyee,

A properly imstalled column gensrally will give at legat cné y=ar
of service; the limit is set by eloyer flowr and incresslng loases.
The preesure drap increasza frem fraoctured besde; the sxchange
capecity decremses s 5 result of plutcnium alphe redlaticn. Aoout
the only fallure that can ooour ip thepe aimple unlts 1s A Jummed
followar plate, which may result from impropsr agsembly. The faile
ure is spparent quickly., I the plate jame with the hed in the
axpended pogition, the bed fluidizen during elution end glves low
produst concentraticms and inerensing loseea; if the plate joms
with the bed in the contrected position, resln ie forced Lgznam-i:. the

retainer when it sxpanda,

& well-Seaigned, packed bed has m "volume change" of 50% of the
wulk volume of the resin bed; the unit represcnta the volume re-

gaired for & change in ccmposlticn of the feed o begin to appear
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in the efflusnt. 'I'his "wolume change" is a useful undt fer deslgn
werk ainoe it can be used to atandardlze ﬂwshaeta on ::elumns ef
differsnt aj.zea , &8 long as the length of the columna is the =ams,
The performence cheracterlstlce of packed beds of fine raa-.Ln &6
function only of isngth, within a wide renge of ﬁ_.:.aﬁatars , and
leboretary runs heve besn scaled up successfully by a factor of 500,
For exemple, performance of the two 10-inch-dimmeter, S5-inch-deep
peds In mseriea corresponds to the lsboratery performence of 8 gln-

gle 10-irch-long <olumn of 1 eq om. aTes,

Stacdly=State Batch Operation

" Qountercurrent opsratlon of a fized ted of realn.ls 2 slmple con-

" santration method thet fraguently is qver;.noked in favor of more

scphisticated, but less efflcient, metheds. Flow dlrection is the
key to satlsfmctory performasce with -I:.hiﬁ plutonium eation exchenge
system; traditicmel cocurrent operation with downfloy sbscrpilon
and slution 1s pot feasible for operstion reguiring large through-
tat. The following discuseicn of the effect of vuiu._‘t-:le.u oy the

plutonium system will illustrate the general a,;fplj.-'natiun.

Procees ﬁtu.bilit;r 18 achimved and low lom=se are majintaimed 1f the
movemsnt of plutonium down the solumn during sbeorpticn mnd decon-
taminstion is balanced by movement upwerd during elution., During
a‘bau:lrp-t.inn, e hand of aat.uﬁta& regln grows down the eolumn %o &
point governsd by the plutonium cepecity of the resin in the feed .
aolution. PRelew the losded band and ghort exchange zone, the clean

rasin sarves me & ghtripping section mnd reducea the losevs to B



[ i e T L LI L

LT}

11

negligible level in the space of only & few inches. The decombtami-
natlon wash of dilute enlfuric scid caussa a further downward move-
mert of the loaded band. During upflow elutlon, the elutrlant
molutlon moves the plutenium beck wp the etripplng sectlen, then

i enriched progreasively mg it flows through the loaded bend. At
avery gtege of elution, the product sclutiom leaves the columm after
oontmot wilth the most gaturated reain left, sc that msxlpum product
concentratiecn 1s resched. Very bigh product coneentrations n:.!a.n be
renched this way with long loeded bands} the band length for PufIII)
1g limited deliberately to avold high concentratlons end possible
oxidation, The totel time cvoele can be ghort sines the elution can
be stopped, lesving & heel on the column, when the desired ameuﬁ:b

of plutonium hes been collected as product,

For general design work, pogsible stable oyeles can ha palenlated
from resin seturaticn dete and diatributicon coefficlents, For
any flowsheet, the mexlmum load of plutonium 1s fﬂ.xed. by the wolume
of regin in the column and the grems of plutonium held per lit;ar

of resin at given feed acidities and plutonium concentrationa, with
eliovance for & stripping section of resin. The limiting velumes
of ehacrpiicn flow and decontmmination wash down, and miolmum volume
of slutriant up, ere functions of tbe relstive movement of the di-
lute plutonium in the stripping section. The diatance moved by the
plutcnivm in the stripping section la directly proportiemal to the
valume of & given sclutiom put through and lnversely proportional
tp the dlstribution coefficient of plutonium between the realn and

thet sslutien., Thie relaticn betwaen downward end upwvard movement

ig et eguilibrium conditlens, Comparatlively rapld flow rates

W e e e ree s Wk B AR -l AR T - et T
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actually are used to echisve wminlomum time eycles and the net effect
of grestar apread during absorptlon and reduced efficlency during

elutlon regquires looreased sluirlant volume to meintaln etebility.

The ectual plent osperating conmditions sare 6 matier of aconomy and

ccopromise; meny comblnstions of losses, deconteminetions, product
aconcentrations, and recsycle fractlens can be met, with scme limits
get by the required throughput. Typilesl opersting renges are s
merized below, The values J¢ not represgent extremes, tuat &re noml-
nal figures thet reprasent sxtended pericds of cperetion, It muat
be underatond thet the verious conditlons represent the syperisnce
vvar yesre of oparabion, and de not represent run-by-run changes or
unearteintles., . In practice, lndlviduel ficwaheets heave baen main-

talned for monthe &t & time,

Procass Experisnce

Absorpticn, Typical values for some of the variebles are ghovn In
table I, The rangees on tlw feed plutcnium and the apldity havye

beet met by various solvent estracticn flowshests,

ik ane LE U DT B
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.- | . Table I, Abmorpticn

" Feed Composition

Prutoebum, 2/ | C 0.2 -l
m@, H L . ' ) . ' D-E - aiﬁ
NEUR*1/R FeS04, M - " 0,025 - 0.05

Colunm Absorption Bateh,* g Pu

7 in, dla’ _ _ _ ‘360 = 775
10 In. dta. 7 750 - 850
Coluan Beal, % of ahsorption betch, 515
Flow Rete, ml/min/on® 10 - 20

Losses {Abecrption and Decontemizetion Wash), $  20™% - 1071

% Amount losded ir addition to the hesl,

. The wide range In sbsorption batch size represents the extremse from

| conservetive startup condltions, with dilu_ta fesd and high acid, ta
gtrong plutonium ssd low acgld, The nominsl losd on the T-inch-
dismeter coluan 1s 700 grams, Much more Ailute feed (1 x 1072 g/#}
hed hesn procssmed Suring atartup_ and flushing operations. Ik an-
other epecislized applioation, feed up t0 6 g Pufﬁ Laa hoeen eatand-
ard, The absorption bateh jE:I.zl..e is limited primarily to prevent
excegsively high plutonium concentretions (oxidizing conditions)
during elution, ms well &g for contrel of loassa, The performance
of the subasguent peroxlde precipitation step ls eengitive to the
poncentration of sulfmte, and g h},l::pmduet of oxidmtion of plutonium

- during elutlon ir the oaidstion of eulfamic meld to sulfurle acid,

-l

On the Teinch colwmns, for example, there wea oo ocubward manifeste-

tion of oxddation as the batoh elze was rejsed from 750 to 775 grama,
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but the emell increment was auffleient =5 that aulfate in the
elvate, which had been below detectable limite, reached 0.02M and

irntarfersd with further progesalng,

Absorption at 20 ml/min/es® gives falrly sharp abecrpilon bands and
resgonable time cyeles, The limit here ls determined primarlly by
presgure drop in the gystem and the avallabls gravity head; it hes
teen congldersd vndesireble to pump-fesd the columns and risk ex-
omesive pressurizatilon., Higher rates would decreass the sbsorptlen
part of the time eyole but would elfect the losaes sad othar charac-
terietico adversely end no great sffort has been made to increase

the rate,

The loeses, a5 measured, inelude the total column wasgte Ifrom Bh-
gorption &nd from the decontaminstlon wesh, The loss can bhe ast

to almoat eny desired velue by adjustment of the cparating condi-
ticns. ILos=er &6 low a8 1 % 10-%% heys been maintained for extended
periods of time, bu# the low level requires more elutrisnt, with
resultant longer cycles and lerger recycles, for sny given set of
other conditions. For minismum eycle time, the elutriant volume may
be reducsd until the losmes reach vhatever is deemed ecceptable

{gemerally 1 x 1072%). .

Decontaminaticon Wash. The volume of the sulfuric acld wash undsr

the conditions specifisd in teble TI ia set ocn & sllding mcele,
aocording to the amount of uranium and Zr-Nb In the feed and the
required Adecomtaminetion. Coneentreilon of the sulfete wmeh 1p &
matter of choice; the 0.19M polutfon glves slightly pocrer decon-

taminmtion than the 0.25M aclutlcn but the logaes are congiderably
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lorrer, Below & concentration of O,19M there 1 en incrsasing loas
in decenteamipetlon power, GStandserd weah volumee uped have bean §

o 24 volune changes.

Approximete renpes in decontaninmtion fectore which bave besn cb-
teined sre shown, Decontaminatlon, even with no wash, 1s due to
asversl mechanisms e&a expleined previcusly, Ru eppersntly exists
in the fesd in two forme, cne of whj:ch does not abacrb when the

columm is being lomded, The cther fomm L8 eluted with the pluto-

" niuwm; the renge in decontaminaticn repregents the split betwsen

the speclea, None of the abagrbed form ie removed with aulfate 6o

thera is no change in decontaminaticn me & function of wash yolume,

Table IT. Deccntaminaticn Factors

Urantan

' Yolume Changes of Wash Ru  U/Pu<D.l U/Pu 30,5 Zr-Nb

o 2.8 4 -E0 >20 1-10
24 2 -4 30-80 >100 10 = 70

Wash Qemposition
HpBO4, M 0,19 or 0,25
NHzOH-1/2 H.B0,, M 0.05

Volume, volume changes® g, 12, 15, or 24

Flow Rete, ml/min/oc® 2«5

“ VYolum= change 1p 50% of the
phyalcal volume of the bed,

et el
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Decontepdination from ursnium is chisined by several wecheniams, in-
cluding breakthrough end sulfate eﬁmplaxing. It 1g sbmorbed tors
wegkly than plutonium., At low concentratioos it 1ls dlsplaced down
the column, while et high comcentrations it will scfually bresk
through anil appssr in the sbsorption weete. Actusl dlsplecement
end breskthrough points are functions of the uranivm, plutonlum,
and acid 1in the feed and account For the spread in decontamination
values at ne wash, Eumplexing'cf aranivm by sulfate lneresas=s the
decoptaninaticn conslderably with the maxionm weeb volums; smaller

washed glve intermediste factors,

Decontmrination from Fieslon produaet Zr-Nb with no wesh is & cease
of preferentisl elution of the plutonium which leaves the Zr-Hb
behind, while sulfate complexing increases the decentamination when
the weal i umged, Ths range in decontemlinetion apparently ls &
funetion of the history of the fesd. The two fimslen products,
Zr-95 apd Np-95 mre enslyzed together ond treatsd as ome; they heve
pimilar but not identicel behavlicr oo the cetlon exchange resin BC
vardations in thelr ratico which result from chenges 1n sclvent ex-
trection floweheets alsc give varieticns in decontemination, Aleg,
off=standerd aolvent extraction operetlcms appersntly can form soms
skhnormal species of Zr-Nb which doss not deconbeminate reedily and
can reducs the decontaminetion below the normal lowsr limit, The
gpecies hes not been identified, but the circumstences under whizh
1t ia encountered inddicate thet it 1s formed by asscclatlon with

Aegradsd crganic material from the solvent,

Other &eéontaminstian agents heve oot besn tested widely as m ré-

planement for gulfate becsuee of vericus specific objectlons such
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as potential precipitation of ylutonium, interference with normal
weate hendling, and corrosion, Dilute fluoride ion has besn testad,
bat it interfered with operaticn considersbly. IFrratic column per-
formance was credited to the complexing power of fluoride for Pu(IV)
and pomsible precipltation of both PuFs snd PuF,. In sddition,
trgocs of fluorids fom thet spread through the aystem Slssclved
fimaion product sctivity that hed deposited on the walle of t-].':lﬂ
squipment and grose emounts of actlylty appesred in streams that

normally were lnactlve,

Elution, The composition of the elutrlant hss not been varisd
deliberately since etartup, It represente sbout the meximum nitrie
scld concentration thet is compmtible with a Pu(Ill) flowsheet, and
the sulfemic acid ie near the solubllity limit. The volume of the
elutriant required 1s a function of all other operations and i
based primarily on the waate loeees, which are ¢ function of ‘the
abeorption sonditicns, column losd, volume aof decontamination wash,
and the flow rates in these steps, The volumes ehown ln teble IIT
cover the range from the best to the worst ccmbinaticns of theae
variables. The elutrient flow rate 1s & compromiaes bebween effl-
clency and time cyele. With the 50 to 10Q-meeh reain, thers 1B
1ittle difference in elution characterdstles et retes slover tﬁs.n
0.2 wl/minfen®. As the rate is incresssd to cbiain shorter time
oycles, the alution curve for plutonium beglne io apresad, the sver-
sge concentratlon of B glven volume of product eolublon decreased,
the column hesl Ineresses (for e given elutrisnt volume), and lcesesd
increase, The effect on lua-ues repldly hecomes grester at rates

higher than 0.5 ml/minfem® although the product concentratlon is
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only wlightly affected. 1In one sgrias of experiments, the average
aoposntretion of & certalp sized produst fraction was suocesdively

66.5, 66, and 6¢.5 g/# st retes of 0.4, 0.5, end 0.6 nl fminfen®,

Mghle ITI. Flutisn and Beconditioning

Compoaitions
Elutriant, M
! " HINCa 5.7
WHpfB0:H 0.3
Reconditioning, M
ANOz 5.1
FHzCH:1/2 FeS04, or ¢, 05
B WEo 501 0.1
Volumes, volume changes
] Elutrient 1,6 - 4.0
Recondltioning =]

Flow Retes, ml/min/on®
Elutrisnt 0.2 = 0.5
Rﬂuﬁhﬂiﬁiﬂﬂiﬂ& DiE - ﬁ.a

Frodunt Fraction

Pu Concentration, g/f 50 - 70

The exact compositicon of the reconditioning wesh 1= not lmportant

.1 snd 1s & matter of convenience in make-up. Use of the ssme solu-
ticn for reconditioming and the refrigerated degassing wesh simpli-
fies fesd preperation. The volume of the reccnditioning solutien

3 haa not besn varied btecsuse Lt is independent of practlcelly =ll

other conditions and repre=ents the volume peossgary Lo remove
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atrong acid, The initial part of the reconditicning iz made at the
same flow rete as the slutiom bteceuse 1t 1 etill moving elutrlant
ahmad of it, Once the acldity of the aclution leaving the column
mtarte tc decrease, the rate cao be rmlsed as sbhown in the fteble,
This reduces tha time.cycls without affecting the recomditicaing

&ppreciebly,

Concentration of the product frection and smount of plutonium in
the recycle mtresm sre largely 8 matiter of cholee, The 50 to 70
g/# conmentraticne reprepent solutiona that wers compatibls with
the subpegquent precipltation etep. Higher concentratisons can ba
obtained if amellser volumes of the product solution are taken from
the peak of the elutlon curve, btut the repyole inerssgeg, The
smount of recycle almo e incresmed when large volumes of slutriant
are required to counteract large decontamination washes or other
unfaroreble conditions; the veardous combinmtions of cases give the

wide variation in recycle,

Miscellaneous Operaticns, The conditions for the refrigerated wash

and fiesion product remcval ateps mre shown in table IV, The pri-
mery wée for the refrigerated wmah I for dsleys betwesn proceas
steps (much ma overnight or weekend skutdewns) eor far known presence
of Pu{IV}; 1t ceuses eepentlally no losd. OccaslonRlly, sccumulated
Tission products om the ecoluwm met be removed to reduce tha rediae-
tlen s¢ the unlt can be replacad or msinbained without shieldlng,
Oxalic acid solution hem besn very effective for this purpose;
apmonivm cltrete also hes been used, These sgente a&lsc complex

plutonium ag the plutonium heel on the column mist be removed firet
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with an extended product elution step to prevent losa {10 volume
changes of product elutriant ls etandard for thig purpode}. The
volume of oxalls eeid sglubion that 1a ragulired ror deconteminatlon
depends on the total sotivity end form of the fieslen products,

In typiesl caees, the indiceted volume has reduced the radlstion

from the column by factera of 20.

Table IV. Refrigersted Wesh end Fias ion Product Remevel

Rafrigerated Wash

Compositlon, M

O3 0.1
WHaUH-1/2 Ha804 0,05
Flow Rete, ml/min/or® B - 15

Volwne, volume changes 10

Figsiocn Frodust Wash
Oxalic held Concentration, M 0.5
Flow Rete, wl/min/em® . o.B

Velume, volume changes ]
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Freclipltation of Plutonlum Paroxids

Intreduction

The precipitstion of plutonium peroxide is a standard method of
dpplating from Bolution a polid plutcnium compound which nan be
Flusrinated and pubEeguently reduced %o plutenium metal. The
peroxide system is degirable because it provides excellent decon=
tgmination from caticnic impurlties and because the only forelgn
material imtroadused (hydrogen peroxide) 15 destroyed ¢esily in the
haeated filtrate. Thig aimplifies the gubeequent recycle of the
residusl unprecipitated plutonlom. 4 dlsedvantege of the method
liea in the handling of diesclved and golid peroxides, which cen he

viclently unatseble under certaln canditione.

On the bagie of prior experisnce, this precipitation method wag
selected for plutonium iswletion at the Saveunah River Plant, with
feed to be supphled bty the cation exchange system. Consldersble
developmant work wes necesssry to egtablish the best precipitation
comditions, but ultimstaly precipliates aculd be produced routinely
which filtered and dried repldly, were denge and sven visibly
gryetalline, snd wers AQ regctive and free from impurities thetl

the subseguent fluorination step eould te shortened drastically.

Procest Dascription and Chemlistry

A procese bleock dlegrem 1s presented in figure 3. Hydrogen peroxide
solution ie sdded to batcehes of plutenium concentrate from the enbe

ion sxchange Gtep sad the resulting precipitate of plutonium peroxide
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Pracipllan  Wash . .
[BO% H,0p) A% HpO  Dry 28°C Dry 58 C
5.8L &L Alr, T3O BCF Alr, o o

Pu Cohosntroie R cake To Fluar inalion)

X1 _ Pui €98 9"
pum: 7009 " Flitrate Ha0i 1429
NHg80,H: 0.3 ¥ -
HNOy: &7 M

]
Uy fo vanl 0y te vant "Kilisd" Flitrate & Walst &ir LTo vandl
Wosh To Racych 300 SCF (DAY
22.3¢

 Ag Lontoined Py PuilE}: 294
o & Or Decomposiiion Frodutls RH B0 H : Ol MuE
e HNOy | 2.8 M
Hplly : $0.02%
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1g ftiltered, vashed, and dried to & etate suitable for Fluorination.

e chemistry of the precipitation of the Pul1v) peroxide fyom
nttrie acld soluticns ie complex, involving the oxldation-reduction
tehayior of Helz and Pu.,:' formation of at least two scluble peroxy-
ccmplexss of Pu, - formation of (Br-0-Pu)*® hydrelysis dlmers {in
the wesker acid solutione),4 and the formetion of two different
erystalline phases of the molid peroxlde® (both of which contaln
eoprecipliated anione).2  Conditions for produciug esch of the
cryatalline pheses wers eptablished by Leary et al,% who found thei
ap undesirebtle (eciloldal) face-centered-euble form would precipl-
tate From nitric acid solutions beiow 2M 1n acldity, but thet at
higher acidities e desirebls hexagonal structure would form. 'They
explained these cbeervations on the basis of the larger proportion
of hydroiyzed Pu(IV) in low-acld solutions, These resulis also
tended to cimrlfy the funetlon of ths coprecipitated sulfete lom,
which heé bean added to the feed for many years for the purpoee of
"pproving " the presipliste. Sylfate is an effective coagilant for
positively-charged eolloide, euch as the paroxide pracipitate formed
in low acld.® These results alsc indicated that sulifste had little

effeat on whleh phase would form in precipitation.

T+ was. Pound in Flant operation that if the desired (hexagonal)
phess could be formed in the flret plece through proper choice of
precipliation eonditions, there was no need for sulfete addition.
e slimipation of the uee of pulfate proved to pe of extreme
importence, a3 cakes Pormed under satigfactory conditicns af mixing

without sulfate were about pix times as dense and filtered six
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times as fest me thess formed under condltions of poor mixing with
pulfete present toc ald goagulaticon. Tn addition, the subgequent
fluorinatison furnaca gycle was ghortensd greatly when It Was 0o
longer nacegpary to remove the sdded sulfate Irom the caks bY
prolonged high-temperature roastltg. The looresged dﬂnaity of

the perofide vas refiscted in increased Adenaity of the tatraflucrids;
the great bemsflt here was en inereafe in bateh size and produc-
tivity in the fluorioation and reduction equipment, in whieh the

volure was limited.

The variables of importenps in producing this gatlsfactory pre-
cipitate were ldentified snd cptimized. They were (1) rate of
sddition of HeQe solutlon, (p) degree of mgltaticn, {5} amount of
HzOz added under controlled rate, and (¢} total amount of HeGz

sdded in the precipltation step.

The fact that the Pu in the fead polution is present initlslly e
Pu(III} in this process 1s thought o ald the precipltation, pinas
the oxidation to Fu(l¥) by Halz 1 not togtantsasous| the lower
Pul{IV) concentration is conducive to the formaticn of larger crys.
tgls. Actuslly, precipltates frem soluttons which initimlly con-
teined Pu(IV) (and no pulfamic acid), vhile etill satisfactory,
wers not quits as gocd Be thogs mede Trom normal catlon sxchange

congentrate.

Purther experimental luboratory work would be rewarding lu clarl-
fying the preciplietion magheniens snd the complex pqulllbris.
e digtinet chenge in precipitate properties vhen a certain

piplmum volums ie added at & certain maximam rate during
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precipltatlon puggeste that there are both competitive and rate
determining steps. Bpectrophotonetric methods appear Lo be TAr-

ticularly appliceble to thls study.

Equipmant

¢

A precipitator ig shown in figure &. It 1s made of glase, and
cooled with stainless steel tubes rontaining "Freon" refrlgersnt.
The sgltater hag o serles of flat paddles or marine propellers on

a central shaft.

A ™oat" which ip used for flltering, waghing, snd drying the cske
i@ shown in flgure 5. It 1s meds of stalpless ateel and contains
5 7.inch-dismeter frit (porpsity F sintered stalniess gteel 3/16~

inch thiex).

The percxlde destruction step indlested on the procesas blook die-
grem (figure 3] ie performed on the filtrate in stainless ateel
tanke heated elasgirdcelly or with steam. Cooling weter 18 alao

provided for these vegealsa .

Reagents are fed Lo the precipltatore by gravity. TFiltretlon,
washing, and drying are all sccomplished by the applicatidén of

veanws to the undsrside of the bomt.

Process Exparlence

Fraclpltetion. tonditlons of preclipitetion are presented In

Teble V. A bateh of cancentrate ls cooled, end Holp solutlon Iis

added through s rate-controlling orifice untll & predetermined
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yolume bag been edded (enough to raise the totel percxide conean-
tretion to @t l=ast PM, Under these condlilons, in an aeldlty of
sbout ¢M, ell tracee of the red paroxy-ﬂwmplexl are gone and the
glurry is ten colored). At thia point, the remsining volume of
FgOg is mddsd rapldly, to reduce the polubility of the precipltate
by raising the total peroxide concentration to about EM HgCw.
{Note that the totel wolume of pracipitant sdded Ls sbout eight
timse the stoichicmetric ameunt required for oxidation and
precipitation of the Pu.) The temperature ip then lowered while

the preuipitate 15 digested, and the filtration 1s then performed.

e oriticel nsture of the volume added at the slow rate cpnnot

e gveremphasized; flitration times locrence sherply and denslty
decresncs 1f the peroxide i even 2 ppall fraoticn below the

pinimm smount indicated sbove. Also, the rate dunring slow sadditlon
appears to have 2 disproporticrate effect, mnd too fast a rate

gives merxsdly poorer performance, though 1t 1z difficudt to
separate the rate sffect from mixing sfflaiency as dlpcussed be-
low, The total volume of peroxlide added alec affects the denslty

of ths precipitate, in =sddition to the expacted effect on filtrate
loee; the deusity decreasee at ihe minimum total volume shown in

table V.

The aglitation during the addition of HzOe Ig of great importance;
toe high an sgitater apeed 111 lead to the formation of flpes,

and too low e spesd (or too fast an additlsn mte) allowe preclp-
itation to proceed in zones of incompletely mixed Hale (low-a¢id,

high-peroxide conditions) which cen produce the colloidal form
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of the precipitate. Thue, 1% ia of primsry importance to prevent
tha exigtence of shy reglon in the precipitator.'whgre the ncldity
falls below £M, and to dalay rapid alditione until & proper foun-
dstion has been laid, ie, & peroxlde sontent of st lesst 2M (in an
acidlty of spout 4M}, The upper 1imit on agltator speed, above
which excesslve flngs are formed, corresponds 1o & blade tip-spesd
of ebout 5 feet per aecond for aither turbine-type or flat-paddle
agitators, both of which crente considershble turbuleace fenia tip-
gpeed limit holds for bledes 2.1/ inches and 5 inches In dismeter}.
The tip-speed limdt for perins propellars, which give good &1spersion
with 1ittle turbulence, is about 8 fast per second. In pragtics,
the mglimtors are opereted sbout 10% below the upper limit o give

the best poeeibls mixing without genersting excssmive fines.

The temperatare conditions sre oot aritiesl, but rafrigeraticn i
desireble sloge it minimizes catalytic deqcoposition of the HzOa by
the impuritiss in the feed, TFeeds containing pe much s 1.5 g Fe/s
are handled patlpfastorily with the couling swyailable; the nomplexing
effect of the sulfamic acid preeent in the feed may als=o tend o

render tha ircn impg, harmfel

A ipdlceted unier "Frocess Degeription and fhemimtry, " precipi-
tetions are made in the mbeence of silfate and scmetimes in the
ibmence of sulfemate, Preciplitation ylelde are about 29.5%, and
Jaesnteamination factors are comparable to those presented Ty leary

ot 8l.*
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Tak:le ¥. Fracipitation Varlables

Nominsl Ranga
: Veriable Value Investigatad
i © Pu Feed Solution
Eateh elze, g Fu T80 I50 - TO0
Pu congentration, g/ 65 50 - 70
H' concentration, M 4.7 ¢.5 - 5.0
WH2804H ¢oncentraticn, M 0.3 0 - 0.3
Fraclpltsnt
E:0r resgent strength, % 50 0 - 50
5 Volume 50% HoOp wdded slowly, & 2.4 1.8 = 5.0
b Totel volume S0% HaOe added, 2 5.5 4.5 = B.5
; ’ Addition rate during slow sddition, £/m 0.53 ¢.4 - 0,8
T Agitator speed (5 .in. £let paddles), rpm 225 150 - 350
Teynpe rafure
Turing preciplitetion, °C 1s S - 20
During dlgeatiopn, *C 3 B - 10

Filtraticn, The cold precelipltetor slurry 1s filtered through a

porcus stelnless steel frit, TFiltration times vary lnversely with

the degrse of vasuum svallebls on the dovnestream slde of the filter
| frit; for a vmeuun of 15 inches Hg, & filtratlcn time of about 15
minutes im= common., I For eome reseon, & Plliration la excessively
long, say an hour, the cake warms up end pergxlde decompoeiticn
within the wern unweehed ceke may beccme excaesslve) thils cmn re-
gult in turn in the formation of & slimy, even less filterable
mess. Thue Filtretion should be as rapid ms poselble in order 4o

. meintain 5 low cake temperature until the wesh step is completsd,
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Washlng. The wash reduces the concentratlon of residusl HzOz,
ADa, &nd NHzS0,H in the cake, meassursbly increaging the stebility
of the cake apnd the purlty of the finel metal. Feur 1.58, refrig-
ergted washes are made with 2% HzOa. The wash liguer is added to
the filtrets mnd both are sent to the peroeids destruction etep.
Weshes of 5% and 1% Hp0p slmc have besn uesd; the residusl 5%
polution sppeared to incresse alightly the inetahility of the cake
during further procesaing, whiles the 1% solution hydzolyzed the

cake scmevhat, making 1t difficult to dry.

Drying. Dry (room tempesrature} air la pmssed through the cake at

sbout 5 eofm for 2-1/2 houre; this 1s followed by dry warm (55°C)

alr at sbout G sefm for two houre. Thig reduges the finpl aversge

moisture content of the cake to mbout 0.20 g HoOfg Pu, & dgesirable
level for feed %o the pubsequent flusrinaticn step. (The weter
poptant is bamed on en emplrice’l formule welght of 318 for plutonium
paroxide.) Constant-rete drying copditions preveil, and the alr
lesving the bed averages z molagture pickup of abkoui one-helf of

1ts sdiebatic saturatlion velue st the messurad alr flow,

If an attempt Lz mads to do =1l the drying with warm alr, the oake
produced 1s hafd., lumpy, and difficult to fluorinste. This is
balieved cmused by "pridging' between precipitate particles when
plutonium peroxide which dissolves in the resldusl liguid in the:
cake reprecipitatas ma the solutlion in the ocake eveporates. The
sffect 15 minimized by performing the inltlal drylng with room
tenperature air (down to a molsture content below 1 g He®/g Pu) ’

gince eake solubllity in the residusal scolutlon remalma lower.

Cdbe P el M e e s rirr et ] B r R A TR T ——— bbbt = s brmm s s
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Faroxide Deptruotion. The larme excess of HoDp (sbout 4M) in the

filtrete and wash sclutlon must be destroyed for reascns of selety
in gubsequent hendling of thiz aoclutlon. Accordingly, the percxide
13 destroyed by heatlng the scluticn it 50°C, holding thie t=mper-
ature for 45 minates, and then heating to 30°C briefly to destroy
the last trmesm of peroxide, The two steges of tamperature conmtrol
are for safety; the raw flltmete twndergoss runaway Afcompositizn:
i1f heated Ailr=ctly t& sbove S0°C. This trestment routinely lseves
the £iltrete with an HpOp content of lese thso 0.02%, Low acidity
and the presence of sulfate both interfare with this step, often
necepaitating its repetition. It is fortunate that the sane oon-
ditiong found desirable for producing & dense, filterable cake, ie,
high meid and no sulfete, aleo are desirable for the peroxide

deptructicon otep.

Safety. Becsuse of the extreme toxieity of plutonium, all linam
and veppele sre analosed in ducste and plastlc-paneled cahlneta
{thess oebinats alse house the flucrinetion and reducstion equip-
ment). The veseels ars maintained at s differentisl of about

£ inches Hgl below the prassurs in the cabinets, and the cablnets
ars omalnteinsd at o diffarentisl of about 0.8 inch HoQ below the
preagsure 1n the room, These gonditions, malnteined by the use of
paparate exhaust syetsms for the cablinete and the veszpel vents,
fnaure thet rll lsaks will reeult In air flaw;a ewey from cperating
persommel. All alr from veseels, cabinete, and rooms la filtered
ard monitored before it {p dizcherged to the enviromment from &

2 -foot stack.
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& primary safety conaideration is the instebility of Halp if 1t
sontants impurities elther before or efter 1t anterg the process,
No piping 18 connected 40 the drums of 50% HpQp othar than a &-inch
piece of pipe with = valve., Thls eliminates the poeedbllity of
foreign matter acoildentally entering the drum from mors sxtensliwve
piping. Bolution im dispensed me needed into swsll, covered stain-
lese ete=l contalnera which ars meved 4o the proper edditions fun-
nala, To ellow for sudden decompesition wlthin the precipitator or
the peroxide destrunction vespels, l-1/2-inch vent linee are used

and reserve cooling capaclity le providad.

Becaluse the preciplitatars sand assoolated sguipment are larger than
the "infinitely safe" dimmeter {(about & inches) for plutconium,
adegquete sontrol of the batch elze 1 essentinl to prevent & crit-
icallty goeldent. Thie ie seccrmplished by the use of inetruments

to analyze sach bateh of concentrate by the gamme absorptlon tech-
nigue,® the uge of pnsumatic liguid level indieators in the bvatching
tanke, the pracipitators, snd the percxide destructlion tanke; and
the use of automatic prauwnestic shutoff controle to prevent cver-

£111ing the precipltetors.

Summary. The followlng were of prime importance +o the production

cf a densg, fres-filltering cake, sultable for fluorination:

® Agitetion and sddition rate matched to prevent zonee of low

acldity or excesslve turbulsnecea.

& Control of addition rate until the criticel phase of the precip-

itatlon is complete.,



-

FIL

® Addition of sufficlent total peroxide for good ylelda.
® Proopt filtratlom,
& Prowmpt end thoreugh weshing.

® Tuna-gtep (ie, cald and warm airj drying.

34



Praparation of Plytonlym Tetrafluorlide
and Redyction to Matol

Intredustion

The converalon of plutonium peroxide to plutonius tatrafiluoride wilth
hydrogen fluoride, followsd by reduction of the tetrafluoride with

enleiim, long hag been & stmodard methoed for the produetion of plutonium

metml. Most of the controlling varlables hed. beer, axplored thoroughly

before the conetrustion of the Bavannah River Flant and the édxisting
technology was the bmsls for the origlnal dmeign of the Plant. Nany
improvemsnts were made to the originel operetion during the follewing
years, Moet of thess wers matters of technigque; the moet slgnificant
sdvancs wee the reslization of the plege ralatlonghlp tetween the en-
tire meries of lgolation cperstions and the reduction yield., The elngle
moet lsportent digcovery wam that the aulfate conbtent of the paroxids

cske regulsted the esfe of fluarinatlon. When sufficisnt knowledge

of the ocntrolling variebles wee gelned, 1+ beacams pogslble to shorten

the flucripation furnace cycle to a fractlon of +he originel. Alsc,
the denaity of the fiucride wae increased so that batch eizes could be
{nereaasd, mnd the increassd reduction beich pize sllowed the elinmine-

ticn of +he ipdipe booster.

Process Description and Chamiatry

The basle procesa ab this Plant was unchanged from the normal sequence
(mes figure 8). Dry plutcomium percxide is exphaed to hyirogen fluoride
in & furnace at terperatures up to S00°C. The regulting tetraflucride
ig mtxed with metallic calefium and pecked in m magnesle oruclble in a

pteel premsure chamber, which is heated in an induction furnsce until
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the cherge fires. (Iodlne boosler may pe gided to small betchee €0
foroleh more heat by rescting with caleium. ) . The plutonium is Te-
duced to mplten metal, which separates from the alsg end aplidifies
{nto & "bubtom” in the bottom of the cruclbile. Finally, the chembar
1p dumped and the Upgtton" i sepsrated from the alag, crusinle, gnd
packing sand which ulbimstely sre digaolved for recu?ery'cf the

repldual plutonlam,

Tha reactione for flucrinetion and redustlcn ars:
PuCier X4 + 4HF = BuFg + 2Hg0 + 0z + (X&)
FuFs + 2Ce = Fu + 2Calz

Ca + IEIUEIE

Tn the flucrination resction, the "X" represents the guantity of "4,"
the coprecipitated eniom, At this Plmnt,. "A" nermaliy could ba almodt
miy mixturs of aulfate, sulfemete, and nitrate, secording to bhe mpe-

glfic fesd,

The ovsr-all efficiancy of the proceas may be bassd on time oyelaes,
tatch elze, reduction yleld, mnd utilizetion of HF, and is dstermined
largely by the eonposition of the peroxide cake. fpecifigelly, the
milfate erd molgture content are the factors that must be controllasd
proparly., The milfate concentration in the feed o the percoxide
presipitation step determines the flucrination time that 1= regquizred
for good reducticn yields Lo be shtained; very short cycles. can glve
good yields in the ebsence of sulfate. (4 @ood yleld arbitrarily is

defined as greater then 95%.}

pfter many experiments, one of sevaral standerd furnace cycles is



e

[FErTT. mm Tl 1 T e, E aHe B —rr . Ak ST e T (e IO T TP 47 AT By T

uged according to the sipested sudfate content of the fawed, The
exant chemlcal sffect of sulfste had not besn estsbllshed but Plant
gxperlence indicetes that rasidusl sulfate {or sulfate product) not
remevad during flucrinetion interferes with reduction, as opposed
ty sulfate mctually represpging the converelon of plutonlum peroxide
to tetrefluorides., For exemple, one 1lodlestlon of axeess sullete is
excenplve pplettering of the reduction cherge over the lnside of the

presoure charber.

Tn addition to heymful effecta on furnace cycle pr reduction yield,
pulfate in the orlglnsl peroxldse cske decresses the bulk density of
tHa finel tetreflusrids, and hense oen decrepss the permigoible
bateh pize. The degree of molsturs 1n the peroxide cake at the be-
gloning of fluorinaticn alse affects the denaity; the drier the cake,
the grester ie the deoslty, Hoewever, thare Is & prectical limdi to

cgke drying, as detalled below.

The pgrose #ffect of sulfste on the parformance mey lndicate some-
thing of the mechanism of decemposltion of sulfamate. The peroxide
cake udoubtedly contalns ecme eulfemmte lon wiwn preclpltated from
the 4.7M nitrie acid - 0O, 3M ewlfamic agld feed solution. Bloce
gulfate affecte become mpparent et O.0BM in the fesed, elther an ex-
tremely amell amount coprecipltetes or ewlfemwute does not ccavert te

sulfate at the Plant furnmee ceonditisna.

The important varisbles in the reduction operetion are (1] the batch
size of plutcnium, (2) the amount of caleium, sad (3) the atmosphare
in the pressure chamber. As dliascumasd wnder "Protess Experience”,

e large bateh size may allov eliminetion of the icdine beoeter, the

PR
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amcunt of caleium influencea the pﬂrit}, nﬁﬁ;trénau of molsture or

air Aeprems the reductlon yitli[

The work discussed hers is not & qeﬂni*_oi_?ré.-'étu&;.? -fnacauu of iimita,-_
tions on the eguipment and on @vaiihhla;annlxﬁicu;'tnphniquenp
gsveral items are worthy of furthar-wprk;:ﬁaréi&ularly as tﬁe Tasls
for any new installations. Tha actuni ruin of sulfate should he
determined as shaulﬂlhe tha.ﬁrfact of the cfyutsi'atructure of the
percxide. The antusl Tate of conversicn of good cnkan slsild ha
mempured to establish & true minimum flubrinatian tima The pinimum
time 1 Limited by the heating and cuoling_or thﬁ maaaiva TUTnACeR;

fast=gebing furnacen pight allow even shorter cwnléu.

Equipment

The fluorinstion boats are made-éf Hantglloy o, with frits and liners
made of pietinum, to svold coryopion anﬁ nontamination of cakes DY
corrosion products; the shape is iimilur.tn that of the flltratlon
tosta. After being lomdad, tﬁn boata ere pleced on hydrauliéal;y
cperated platforms thet mre rntnad =) fafm ﬁhn-furnace bottoms. .Tha
woat rests on & gasket of anft ”Anw&lon“ {"Teflun“ falt] wninh-ghﬁna
s setisfactory seal, Matal-tnﬂmatnl sanlu Wars. un&atiafantnry; bcats
and stainless. gtasl and’ unlina& Hastullny c naaes currndad pxroe-
aively (gold plating 4id not helpl. Corrosicn inere=sas grestly when
cyele tlmea sbove the mioimam are reguired, The Flucrdination Durnace
anolopiras are made of Heavy stainless ete=l atid lined with Eantelloy
¢, end provide pAaquate Btrsoghi to withatend the vigorous rescticne

which sometimss. ocourred in esrly operation. Howevar, the maesive
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gtructure lengthene the heating end cooling times.

The sxcesp HF in the furnace off-gas {6 sbaorbed in e bed of lime-
stone, Tha gas nmuet be dlluted with lerges volumes cf eir to pre-

vent condensatlon of ﬁniaturu generated by the reaction off HF with
both the cmke snd the limestone, Condensed moleture promotes cors-

rogicn of the of'f-gese lines end colliecte in the limesgtops.

The magnesium oxide crueible 1g peacked into the steal preagure
chanber and 1s held inm position with a thin layer of megneslum oxide
gand. The oruoible is fitted wlth & megnesls cap to prevant epatters
ing of the alag onto ﬁhs furnace head and the upper partion of the
pragsars chanber. The prespure charber 1g placed on & hydraulle

11t which reisee 1t into the induction furnase end sealm 1t againet
the furnecs head by meena of an annesled aluminum gasketl, See

figure T for complete aseembly,

The reduction furnsce hes inert gas (halium or argon} snd veouum
fittings g6 that slr can be purged from the preseure chapder. The
furnace hesd valve can be fluehed with chloroform or other iodine
golvent, if iodine is usad in the reduction mixture. The furnece
need, valves, and esscceisted plping as well s the inductlon coll
are mounted for convenilent melntengnoe; replacement ls necessery

ooeselonelly for aach of thase paxts.

Process Experlence

Fluorinaticn. Fluorinstion end reduction date ars preasented in

+able ¥T. The fpfluepce of sulfate on the epss of flugrination may
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be illustreted by the required time cycles. The orlginel stendard
eycle raguired 8 %o 15 hours, and ineluded 1.5 hourae at 150°C,

% (0 hours at BOC°C, and saoouiated hestlng and pooling perliods;
thia gave good parformance with mulfats contentrations renglong from
0.Q75M to 0.15W in the pracipitation feed. As the sulfete in the
fead was decreased gradually to leps than 0. 02M, it wes found
tthaﬁWcnwanbadmmﬂﬂaMtMnmmtmsmm
gtep could be ghortened draatleally. The miniman cywle in routine
uge wen 5.5 hours, during which the cake was nested dlrsctly to
g00° end lmmedistely cooled, The minimum cycle that might he

sttained with a furnace +het hested end cooled rapidly is not Knowvo.

The minlmum required cycle 1 quite seneltive to the Limlt of 0, 02
gplfate. For axample, this figure is reeched dus to Elow conversion
of sylfarete to sulfate wien lon exchange ccncentrate 1le storad for
mere then & dey, aod & elightly longer cycle ig required for eon-
cantrete stored over B waakand, Aleo, ad dipousped in the "Cetion
Frchange" escticn, the mere change 1n colums batch =lze from TH0 to
776 grems onh +he 7-inch colwma gave & inoresse in sulfete sufil-

cient to extend the cytle.

A high utllizetion of hydrogen Ilucride was sbtained from the en=
nanced reactivity and short fornace cyelee obtained with well=
prepaved peroxide cakes. he maximun wiilization of 5% wes oOb-
tained with laraze, aulfate-free batchea, which hed short time eycleg;
the minime wtilization corresponded to small, high-mulfete batches,

which regquired long cycles.

Oxygen aids in the regpovsl of sulfate from the cake, snd 1s weed
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in capes of kmown hilgh sulfate. However, cxygen does not appear
pecessary in ny guentity with low sulfate and sctumlly ig not Ced
deliberstaly: the only mource 1s the mir-purge oo the ingtrument

liraa.

The molpture centent of the alr-drisd peroxide cakes mast be ooh-
trolled betwesn 0.20 snd (.35 gram of water per granm of plutonium
{hmsed on en assumed formile welght of 519 for plutonium perciide)
or diffieuliles occur in the furnace when hydrogen fluoride flow 1s
sterted. Fresoh celes that are drier then this range frequently re-
apt vicleptly end expsl cake from the boat cr even the furnseos,
Cakeg with a molsture content sbove the 1imlt pometimes deccifpoBa
4o moist, foamy meszaed that alowly boll out of the boat tnto the
furnace. Aged, dry cekas loge the extreme penaltivity that charac-
tarize the fresh cekes; 1t ie not known 1f this chenge represents s
slow conversion of the gtructure of the percxlfe or merely & logs
of peroXy-cxygen. wamhing with aleohol to promote drying la not
recommendad: slochol was part of the original flowsheet but ceused

many viclent reectlong Tboth in end out of the furoazes.
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Table I, Summary of Procags Varighles

Flucrinatlon

Time c:,rclé, b .0 o= 12

gme flowa, g/hr

F 100 = 450
Lz 0 - 5O
BF utilizetion, ¥ 5 - 52
_Ratch slze, & 350 - 15C0
Reduction
Time cycle
Heatlng, oin B - 13

Total {preparsticna, heating,

and cooling), hr 3 -5
Calejum, ¥ eaxcess 15 - B0
Todine, mol Ig/mel Pu 0 - 0.3
'Bateh elze, £ p5G - 800

pedugtion. The reduction & plutonivm tetrafluoride to pure plu-
tonlum meatal cen be made with paleium mlons, ebove some eritieal
patoh mlze determined by the +harmel propertles of the equipment .
Todine teoster may be uesd to allow reduction of amell betches or
of incompletely converted tetrafluoride. However, iodine cauessa
warlous complicetlond gnd corromicn problems; eliminatlon of iodine
ranke with the higger bateh gize @5 = prime rewerd of inerenged
tetrafivoride density. comtipual refereace has besn mads to the

inereamed tulk denglty of the 4etraflucrids that resulted from
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yarioua ehenges. For reference, the tulk.denaity can be dafined ln
tarma of the grems of plutonium per co in the mixed raﬂuctioﬁ chargs
in the pressure chamber; thls nunber sets the poselble batch size
for reduction. With e normal celolum excess of 25 4o 30%, & plu-

toniun denaity of 1 g/ec or better is considered good..

The reduction wilth caleium alsc &ervee A8 an auxiliary deccntamine-
tion stepn, in sccord with the 1iguid-metel extrections of some TyYe-
matellurgleal systeme. The ameunt of exceep omloium Wan veried in

s paries of experiments from 18 to 5% over the stolchiometrle re-
quirsment for redueticn and gave mpasurable changes In the purity

of the plutonium., The sctunal upper 1imit on the mmount of ealelum
thet 1e convenient to use la eet By the heat conpsrvation charscterle-
tics of the systew. Too much calelum reprepents & heat glnk that

cun interfare with proper melbing end coelzscence gf the charge.

The bumidity of the processing line ard the stmoaphere in the
prespurs chamber 81BC have dispraportionete effects upon the reduc-
tion performance and should be meptioned. Very srratic snd poor
yields bave been sbteined vhen the dew polnt nf the ventiletlonm air
exceedad -10°F in the cabinets used for operatione stertlng with
the .drying of the peroxide. The sxmet effect of ths atmospheric

pﬂiature end the part of the proceds thet is sffected pever heve

paan identified. Poor ylelds also have nesn ohteined 1f the pressure

chember counteining the redvetion charges was -not - sealed or purged
adequately with inart gas to remove alr. Ever. small. amounte. of

alr cause expepelve splattering and' poor coalasgelQe o the cherge.
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